obJect The purpose of this study was to characterize changes in American Spinal Injury Association motor score (AMS) in the 1st week after traumatic central cord syndrome (CCS) to identify predictors of improved early outcome in patients treated with early versus delayed surgical intervention. methodS All patients presenting to a regional spinal cord injury center between January 2004 and June 2009 were queried for those with a diagnosis of CCS. Patients treated conservatively were excluded. A prospectively maintained spinal cord injury database was used to track AMS throughout each patient's hospitalization. Hospital records provided information regarding demographics, presenting neurological examination, imaging findings, comorbidities, timing and nature of surgical procedures, and length of stay (LOS) in the hospital and intensive care unit (ICU). Patients were separated into those who underwent early surgery, within 1 day of presentation (early group), and those who underwent surgery on a delayed basis (delayed group). Differences between groups were analyzed using the Student t-test and chisquare test. Predictors of outcome were identified using correlation analysis and multiple linear regression. reSultS Of 426 patients in the database, 80 (18.8%) were diagnosed as having CCS, and 68 of them ultimately underwent surgical decompression. Nineteen (28%) of 68 patients underwent surgery within 1 day of presentation (early group) while the remaining 49 patients (72%) underwent surgery on a delayed basis (delayed group). The mean age in the early group was significantly younger than that of the delayed group (52 vs 59 years, p = 0.049). Other characteristics were similar between groups including sex, proportion of patients with cord edema on MRI (44% early vs 55% delayed, p = 0.47), and proportion of patients with cervical fracture (26% early vs 28% delayed, p = 0.98). Patients in the early group presented with an AMS of 62.5 versus 70.0 for the delayed group (p = 0.36). No difference in the change in AMS was seen at 7 days between the early group (-2.9 points) and the delayed group (-4.2 points) (p = 0.34). Additionally, the number of patients who had early improvement was similar between the early and delayed groups (50% vs 48%, respectively, p = 0.94). Neither time in the ICU (3.4 vs 3.4 days, p = 0.84) nor the overall LOS (10.5 vs 12.5 days, p = 0.59) was different in the early versus delayed groups, respectively. Correlation analysis and multiple linear regression demonstrated early surgery was not associated with change in AMS or AMS at Day 7. Age was identified as the only significant predictor of change in AMS and had a negative effect (coefficient = -0.34, p = 0.025).
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C entral cord syndrome (CCS) was first described by Schneider in 1954 as an incomplete spinal cord injury causing tetraplegia with weakness more pronounced in the upper than the lower extremities. Some degree of bowel and bladder dysfunction and various patterns of sensory loss are not uncommon. 16 CCS is relatively well characterized as it is the most common of all incomplete spinal cord injury syndromes. 2, 13 Unfortunately, it also is the subject of controversy as there is lack of clarity in terms of optimal management strategy.
In his original description of CCS, Schneider reported that surgical management was contraindicated. This was due to a combination of poor surgical outcomes he witnessed following cord decompression and remarkable neurological recovery he observed in patients treated with medical management alone. 16 Since 1954, however, advances in spine surgery, intensive care, and anesthesia have mitigated surgical complications and improved surgical results. Today, surgical decompression with or without stabilization is considered standard of care for many incomplete spinal cord injuries presenting with ongoing cord compression. A systematic review by La Rosa and colleagues in 2004 showed that decompression of incomplete cord injuries within 24 hours was associated with superior neurological outcomes at 6-month follow-up or later. 9 For CCS, however, timing of surgery has remained more controversial.
This controversy is partly due to the heterogeneity of injury mechanisms seen in patients with CCS. Some authors have thus subcategorized the syndrome to reflect this diversity in posttraumatic and predisposing anatomy. 6, 17 Harrop et al. (2006) conceptually divided patients with CCS into young patients (< 50 years old) with focal instability, young patients with focal disc herniation causing local cord compression, and elderly patients (> 50 years old) with spondylosis and no focal instability or fracture. 6 The latter category, known as "spondylotic CCS," is the most common form of CCS 8, 16 and most commonly occurs as a result of low energy falls. While many patients with CCS may receive some form of early or delayed surgery, patients with spondylotic CCS are unique in that they may not undergo surgery, depending on the preferences of the treating surgeon.
Nonoperative management and close observation are commonly implemented for patients with spondylotic CCS. As significant, spontaneous neurological recovery is expected, decompressive surgery has not always been pursued, unless there is demonstrable functional decline or failure to improve. In an assessment of this management model, Lenehan et al. performed a prospective review of 73 patients who presented with spondylotic CCS. The authors found that patients who received decompression within 24 hours of injury demonstrated a significant improvement in American Spinal Injury Association (ASIA) motor scores (AMS) at both 6 and 12 months postinjury when compared with patients treated with either delayed decompression (> 24 hours) or nonoperative management. Combining their results with expert opinion, their group recommended that patients with spondylotic CCS should receive decompression within 24 hours if presenting as ASIA Grade C or worse and medical management with close observation if presenting as ASIA Grade D. 10 To our knowledge, the effect of these recommendations on early neurological outcomes has not yet been clarified nor have their results been confirmed.
The purpose of this study was to compare changes in AMS between CCS patients receiving either early (< 24 hours postinjury) or delayed (> 24 hours) surgical management and to characterize predictors of early outcome in the combined cohort. Severity of neurological improvement was assessed using the AMS instead of ASIA grade because AMS allows for greater sensitivity with separate scoring for each limb and has been found to be the best indicator for observing the effects of therapeutic interventions.
5,12 methods
The study was approved by the institutional review board at Thomas Jefferson University. A prospectively collected database including all patients presenting to a regional spinal cord injury center (1 of 14 such centers designated by the National Institute on Disability and Rehabilitation Research) between January 2004 and June 2009 was retrospectively queried to identify those with a diagnosis of CCS. This diagnosis was based on the impressions of an orthopedic surgeon and neurosurgeon, both neurosurgery fellowship-trained spine surgeons, using the constellation of symptoms as well as the results of imaging studies. Furthermore, the diagnosis was agreed upon when the cases were presented at the morning spinal cord injury conference, which is attended by all available spine surgeons (orthopedic and neurosurgery). Patients treated nonsurgically were excluded from this study. AMS data collected throughout each patient's hospitalization were abstracted from the daily progress notes of the treating Physical Medicine & Rehabilitation physicians. The data were collected in a standard manner, with the first collection taking place at the initial presentation and subsequently on morning rounds. The database and hospital records provided information regarding patient demographics, presenting neurological examination, imaging findings, medical comorbidities, timing and nature of the surgical procedures, length of stay (LOS) in the hospital, and LOS in the intensive care unit (ICU). Specifically, the presence of spinal cord edema was identified, based on the interpretations of the attending radiologist and a fellowship-trained spine surgeon. Patients were separated into those who underwent early surgery, within 1 day of presentation (early group), and those who underwent surgery on a delayed basis (delayed group). The decision for the patient to undergo early versus delayed surgery was made at the surgeon's discretion.
Differences between early and delayed groups were analyzed using the Student t-test for continuous variables and chi-square tests for categorical variables. Predictors of change in AMS between admission and 7 days after admis sion were identified using Spearman's correlation coefficients and backward stepwise multiple regression. Potential predictors of change in AMS included in the regression analysis were patient age, rectal tone on admission, admission AMS, presence of congenital stenosis, presence of spinal cord edema on MRI, and surgery within 1 day of admission. Significance was assumed for p < 0.05.
results
Of 426 patients in the database, 80 (18.8%) were diagnosed as having CCS, and 68 ultimately underwent decompressive surgery (Fig. 1) . Nineteen (28%) of 68 patients underwent surgery within 1 day of presentation (early group) while the remaining 49 patients (72%) underwent surgery on a delayed basis (delayed group). The mean age of the early group was 52 years versus 59 years for the delayed group (p = 0.049). Other characteristics were similar between groups including sex, proportion of patients with cord edema on MRI (44% early vs 55% delayed, p = 0.47), and proportion of patients with cervical fracture (26% early vs 28% delayed, p = 0.98) ( Table 1) . Additionally, there was no difference in the number of patients who were treated in the ICU, allowing for continuous blood pressure management (56% early vs 59% delayed, p = 0.79).
Data on AMS at presentation and at 1 week after admission were available for 61 (90%) of 68 patients. Of the 7 patients for whom 1-week AMS data were missing, 6 had been discharged to a rehabilitation center prior to 1 week after presentation; therefore, their neurological status was not captured in the database. One patient left the ICU prior to 1 week, and the medical record was insufficient to identify the post-ICU destination. No difference was noted between the surgical procedures performed on the early and delayed groups ( Table 2 ). Patients in the early group presented with an AMS of 62.5 versus 70.0 for the delayed group, a nonsignificant difference (p = 0.36). At the 7th day after admission, the early group had a mean AMS of 59.6, a nonsignificant loss of 2.9 points from the admission AMS (p = 0.39) while the delayed group had a mean AMS of 65.8, representing a nonsignificant loss of 4.2 points (p = 0.29) ( Table 3 ). The early and delayed groups thus did not have significant differences in AMS at the 7-day time point (p = 0.34). In the early group, 50% of patients had an improvement in AMS score between admission and 7 days compared with 48% in the delayed group (p = 0.94). The early group had a mean hospital LOS of 10. wound infection, wound hematoma, or venous thrombosis or embolism was identified between the groups (Table 3) .
Analysis with Spearman's correlation coefficient demonstrated early surgery was not associated with a change in AMS between admission and Day 7 (correlation coefficient -0.11, p = 0.44) or AMS at the 7-day time point (correlation coefficient 0.05, p = 0.71). Multiple linear regression demonstrated that rectal tone, admission AMS, presence of congenital stenosis, presence of a fracture, presence of spinal cord edema on MRI, and surgery within 1 day of admission were not predictive of a change in AMS score. The only significant predictor of change in AMS was patient age, which had a negative effect (regression coefficient = -0.34, p = 0.025).
discussion
Early treatment of patients with CCS remains controversial. Although some patients may present with unstable fractures that require immediate stabilization, such patients are the minority. 8 In our study population, patients with cervical fractures were represented equally in both the early and delayed groups, accounting for 26% and 28% of patients in each groups, respectively. By characterizing early outcomes in patients with CCS who undergo surgical decompression, we were unable to demonstrate any benefit of early operative intervention with regard to AMS improvement or shortened LOS in the hospital or ICU. This finding was surprising given the significantly younger age of the early group compared with the delayed group (52 vs 59 years, p = 0.049). Not only has younger age been previously shown to be associated with improved outcomes in CCS, 3, 7, 11, 15 but regression analysis within our study demonstrated that younger age was the only significant predictor of improved outcome (regression coefficient = -0.34, p = 0.025).
Other than age, our analysis did not identify any other discriminator of early motor outcomes. This is consistent with previous literature, which did not find the presence of decreased rectal tone, cervical fracture, or congenital stenosis to have predictive value in terms of improvement in AMS. 1, 4 Although AMS on admission 10 and the presence of cord edema on MRI 14 have previously been identified to have prognostic value, we found these variables to have no predictive value for early neurological recovery in our cohort. Further research with larger and more homogenous patient subpopulations may identify patient subgroups with differential benefit from early decompression.
The insignificant, average neurological decline witnessed in both groups was unexpected. Recent literature suggests that early decompression for both complete and incomplete cord injuries results in improved motor outcome scores. 18 While documentation of the neurological recovery within the 1st week may not accurately describe the ultimate neurological recovery expected in this cohort, the lack of significant AMS recovery is valuable for clinicians treating these patients to define patient and physician expectations in this early recovery period. Prior to demonstrating obvious neurological recovery, these patients may experience a plateau in neurological function, even after decompressive surgery. Potential factors dictating the length of this period and ultimate recovery may still include previously described factors such as the degree of cord edema and presenting neurological injury, secondary injury, or the age of the patient.
Our study has limitations including those inherent to retrospective analysis. To a certain extent, this is mitigated by the prospective nature of the databases from which the data were obtained, but this was still not an a priori analysis. Also, follow-up AMS data were missing from 7 patients who were discharged before their 7-day postinjury AMS could be evaluated. In a study population of this size, it is possible but unlikely that such an omission would have had a significant effect on our observed results. Furthermore, while AMS is the best metric available for monitoring the neurological recovery after a spinal cord injury, because central cord preferentially affects the hands, it may not be as sensitive in detecting improvement in this diagnosis compared with other spinal cord injury patterns. A second significant limitation of the study is the limited follow-up, and while undoubtedly long-term results are paramount, prior to this study, the literature did not allow for surgeons to give evidence-based counseling of the short-term expectations. In our institution, we found that after such a life-changing injury, patients were very anxious about what to expect not only in 1 year but also in 1 week. Furthermore, the knowledge that it is common to experience some worsening in the 1st week after surgery is particularly comforting to our patients when this does occur.
While our data are not necessarily representative of ultimate neurological recovery, they do lend insight to the early outcomes occurring in this unique patient population. Unlike previous studies that have focused on longerterm follow-up data, our study reported on earlier outcomes. While this limited our study from being directly compared with previous landmark papers, it provided the opportunity to better characterize patterns of recovery in finer detail. As our understanding of CCS pathophysiology continues to improve, the relevance of these findings may come into better realization to aid not only surgical planning but also forecasting postoperative recovery and rehabilitation. Further study into the risks and benefits of surgery and timing of intervention are necessary for this common and debilitating injury.
conclusions
Early treatment of patients with CCS remains controversial; however, recent studies have reported improved long-term results with early surgical decompression. The current study finds no early neurological improvement after patients undergo early surgical decompression, so it is paramount for both surgeons and patients to understand that while some neurological recovery is expected after a CCS, the rehabilitation process will take months regardless of early surgical intervention.
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